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We have obtained the decay asymmetry parameters in non-mesonic weak decay of po- 
larized A-hypernuclei by measuring the proton asymmetry. The polarized A-hypernuclei, 
|He, A 2 C, and A B, were produced in high statistics via the (n + ,K + ) reaction at 1.05 GeV/c 
in the forward angles. Preliminary analysis shows that the decay asymmetry parameters 
are very small for these s-shell and p-shell hypernuclei. 



1. INTRODUCTION 



The non-mesonic weak decay (NMWD : AN— >NN) of A-hypernuclei gives us a very 
unique opportunity to study baryon-baryon weak interaction. There exist several experi- 
mental observables; life times(total decay rates), branching ratios(r(Ap— >np), r(An— >nn)), 
etc. The asymmetry parameter of decay proton from the Ap— >np process, otp M , is another 
important observable to investigate the reaction mechanism of NMWD, because it comes 
from the interference between the parity-conserving and parity-violating amplitudes. 

The decay angular distribution of protons from the NMWD of polarized hypernuclei, 
W(9), is expressed as 

W(6) = l + Acos9 = l + aP A cos6 (1) 

, where A is the asymmetry, Pa denotes the polarization of a A-hypernucleus, and 9 means 
the emission angle of protons with respect to the polarization axis. 

So far, two experiments reported the asymmetry parameters of the NMWD's of A 2 C[ 1J 
and A He[|2]. In KEK-PS E160, a large negative a^ M of -1.3±0.4 was observed for p-shell 
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hypernuclei[Hj, while the a£ M of |He was measured to be 0.24±0.22 by KEK-PS E278[E|. 
There is a large discrepancy between two values, which might suggest the difference of the 
reaction mechanisms of the NMWD's between s-shell and p-shell hypernuclei. However, 
it would be too early to draw a conclusion in taking account of the statistical significance 
of the data and the systematic errors between two different measurements. Thus, a new 
measurement with improved statistics and better systematic errors had been awaited. 

2. EXPERIMENTS: KEK-PS E462 AND E508 

From year 2000 to 2002, we performed two series of experiments to measure the NMWD 
of iHe (E462) and fC (E508) in the K6 beamline at the KEK 12-GeV PS with the 
high-resolution and large-acceptance SKS spectrometer. The (7r + , K + ) reactions at 1.05 
GeV/c were used to produce highly-polarized A hypernuclei with respect to the horizontal 
reaction plane. Two decay counter systems were installed symmetrically above and below 
the target to detect decay protons from NMWD. Each system consisted of a set of drift 
chambers, two sets of timing counters and a neutron counter array with six layers of 
plastic counters. 




Figure 1. Excitation energy spectra of |He (left) and ^ 2 C (right). From top to bottom, in- 
clusive spectra, those with a pion coincidence, and with a proton coincidence, respectively. 



Figure ^ shows excitation energy spectra of \B.e (left) and ^ 2 C (right) in three different 
conditions: from top to bottom, inclusive spectra, those with a pion coincidence, and with 
a proton coincidence. We succeeded to detect 52,000 events of the ^He ground state and 
67,000 events of the \ 2 C ground state, whose statistics are several times higher than the 
previous measurements. The substitutional states of \ 2 C at around 10 MeV excitation 
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region, whose selection gate is shown in the figure, are open for proton emission, i.e. it 
goes to ^B. 

3. PRELIMINARY RESULTS 

The asymmetry, A, in Eq. (0) is obtained from the ratio, R, of numbers of decay 
particles emitted to the parallel and anti-parallel directions with respect to that of the 
hypernuclear polarization. Owing to the large acceptance of SKS spectrometer, we can 
polarize the hypernucleus upward(downward) by selecting the (n + ,K + ) scattering direc- 
tion on the left (right) at one setup. Then, the R is expressed as 

, where N^^ own -j denotes the yield of the up (down) counter system at the scattering 
angle to the left (right). In this expression, systematic errors coming from the differences 
of detection efficiencies and acceptances between the up and down decay counter systems 
are canceled out in the first order. In fact, we found the asymmetries of pions and protons 
from the (tt + , p) reaction, in which we don't expect any asymmetries, were less than 0.3%. 

As shown in Eq. (JTJ), we need to know the polarization of a A hypernucleus to obtain the 
asymmetry parameter of proton. In the case of }\He, assuming the asymmetry parameter 
of the mesonic weak decay, a M , is same as that in free space(-0.642±0.013), we can 
measure the polarization of the ^He from the pion decay asymmetry. In the case of p- 
shell hypernuclei, however, it is hard to estimate the polarization from the experimental 
data, because mesonic decay mode is suppressed due to Pauli blocking, and we don't 
have a good estimate of a M . Therefore, we needed to estimate the polarization of p-shell 
hypernuclei with a help of a theoretical calculation in Ref . [ |3] • 

Figure El shows a preliminary result of proton asymmetries in the decay of |He measured 
in different scattering angles, 6° < \Qk\ <15°, as a function of the polarization of |He 
obtained from the mesonic decay. The slope of the linear fit corresponds to the ctp M , and 
we found it to be 0.07±0.08lo!oo- As a systematic error, we took into account the effect 
of a small amount of pion contamination into protons, which tends to reduce the proton 
asymmetry to the negative side. We confirmed the very small positive value of a^ M 
reported by Ajimura et al.[ 2 J with improved accuracy. In addition, we found of 
p-shell hypernuclei obtained from a weighted average of each hypernucleus to be almost 
zero as shown in Fig. |21 Note that the present result is twice more 

accurate than the previous result. The a^ M (p-shell) of our result is rather consistent 
with that of ^He. It suggests that the decay mechanism of p-shell hypernuclei is similar 
to that of s-shell hypernuclei. 

4. SUMMARY 

We have measured the decay asymmetry parameters of proton in the NMWD's of the 
polarized hypernuclei, \B.e, \ 2 C, and ^B. For the s-shell hypernucleus, \B.e, it was found 
to be 0.07±0.08io;oo, which is consistent to the previous value of 0.24±0.22 [ 2 with 
smaller errors. For the p-shell hypernuclei, ^ 2 C and ^B, we found a similarly small value 
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Figure 2. (up) Preliminary result of A He . The horizontal axis denotes polarization, Pa, 
and the vertical one denotes asymmetry, A, for the scattering angles from 6° to 15°. a^ M 
is obtained from the slope of a linear fitting, (down) Preliminary result of A 2 C and A X B. 
each axis is the same as that of upper one. Circle points for A X B and triangle ones for A 2 C. 
The final value is derived from a weighted average of two hypernculei. 



of -0.24±0.26t ; 00 , which largely deviates from the old value of -1.3±0.4 [Q]. The new 
values are different from those, -0.6~-0.7, obtained in the recent theoretical calculations 
[HJ|3]. We might need to reconsider the reaction mechanism of the NMWD. 
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